Background: Currently, preoperative chemoradiotherapy, perioperative chemotherapy and preoperative chemotherapy are recommended by NCCN, ESMO and Japanese guidelines respectively for resectable esophageal and junctional cancer. However, these recommendations are mainly based on esophageal cancer research. Therefore, specific for esophagogastric junction cancer, we conducted the first systematic review and network meta-analysis to rank all potential treatments simultaneously and hierarchically. Methods: Record retrieval was conducted in PubMed, Web of Science, Cochrane Central Register of Controlled Trials, Embase, ASCO and ESMO Meeting Library from inception to September 2018. Regarding time-to-event survival data, randomized controlled trials featuring comparisons between different multimodal treatments against resectable esophagogastric junction cancer were eligible. Overall survival was the endpoint. Network calculation was based on a random-effects model and the relative ranking of each node was numerically indicated by P-score (CRD42018110369, registration identifier of the meta-analysis in PROSPERO.). Results: Eight studies were included in our systematic review, corresponding to 1218 patients. Regarding overall survival, 'PreCRT' (preoperative chemoradiotherapy) topped the hierarchy (HR 1.00, P-score = 0.823), better than 'PeriCT' (perioperative chemotherapy; HR 1.32, P-score = 0.591) and 'PreCT' (preoperative chemotherapy; HR 1.54, P-score = 0.428). In sensitivity analyses, irrespective of interchanging to fixed-effects model or removing potentially heterogeneous studies, relative rankings remained stable and 'PreCRT' was still the optimal node. Conclusion: Preoperative chemoradiotherapy could potentially be the optimal multimodal treatment, which displayed more overall survival benefits than perioperative chemotherapy and preoperative chemotherapy among resectable esophagogastric junction cancer patients. To further verify our pooled results, more randomized trials will be needed to compare preoperative chemoradiotherapy with perioperative chemotherapy (especially FLOT-based regimens).
Introduction
According to the Siewert classification, esophagogastric junction (EGJ) cancer is a type of malignant tumor whose center is located at 5 cm proximal or distal to the junction, a histological transition area between esophageal and gastric epithelium. 1 Unlike the decreasing trend of distal gastric cancer, the incidence of esophagogastric junction cancer has greatly increased among North American and European countries during the past decade, where the rise in male patients is the steepest among all solid malignancies. [2] [3] [4] [5] Like other solid tumors, surgery is the fundamental treatment against resectable esophagogastric junction cancer. However, despite curative operations, recurrence, especially systemic recurrence, is commonly observed, which greatly worsens the prognosis amid cancer sufferers. 6, 7 Therefore, multimodal treatments have been recommended against resectable esophagogastric junction cancer. Currently, Siewert type I/II and III EGJ cancer are treated as esophageal and gastric cancer, respectively. 8 Nonetheless, this is only based on the location of the epicenter and pattern of lymphnode spread, 9 which lacks support from direct and specific evidence. Moreover, even in terms of multimodal treatments against esophageal cancer, different organizations prefer diverse recommendations based on regional evidence, which further fuels the controversies over the therapeutic options for resectable EGJ cancer. In NCCN guidelines, 8 preoperative chemoradiotherapy is the preferred strategy, while ESMO recommends both perioperative chemotherapy and preoperative chemoradiotherapy simultaneously. 10 Similar uncertainties have also been found among Asian countries. In Japan, 11 preoperative chemotherapy is the optimal choice while preoperative chemoradiotherapy is recommended according to Chinese guidelines. 12 Inconsistent therapeutic strategies are a key problem for global gastric cancer treatments, 4, [13] [14] [15] without even accounting for the fact that recommendations are only based on general gastroesophageal analysis, not specifically referring to EGJ cancer. Accordingly, we conducted the first systematic review and network meta-analysis of multimodal treatments against resectable esophagogastric junction cancer based on specific junctional data, aiming to hierarchically rank their therapeutic competencies and therefore offering valuable information for clinical decision-making and future design of randomized controlled trials (RCTs).
Methods

Registration and guidelines
The protocol of this systematic review and network meta-analysis had been published in PROSPERO (CRD42018110369). The design, conduct and writing of this systematic review and network meta-analysis was strictly in accordance with the requirements from the PRISMA Checklist for Network Meta-analysis and Cochrane Handbook 5.1. Each step was conducted by two investigators of our research group. Any discrepancy was judged and solved by the third investigator.
Search strategy
Electronic databases including PubMed, Web of Science, Cochrane Central Register of Controlled Trials and Embase were comprehensively examined. Additionally, we also thoroughly searched major databases for meeting abstracts, including the ASCO and ESMO Meeting Libraries. The search process started on 15 July 2018 and continued until 26 September 2018, covering the possible trials published from inception to September 2018. Both the abstracts and main texts of the retrieved entries were rigorously assessed in order to guarantee the accuracy of selection. The full search strategies are presented in Supplementary Materials.
Selection criteria
Studies that simultaneously met the following criteria were eligible for inclusion (PICOS framework).
Participant: patients with previously
untreated resectable esophagogastric junction cancer, not including specific pathological type, targeted positivity or resectable superficial lesions. 2. Intervention: different multimodal treatments against resectable esophagogastric junction cancer, including preoperative, postoperative and perioperative chemotherapy, radiotherapy or chemoradiotherapy. Targeted medications among unselected patients were also eligible. In terms of chemotherapeutic types, since intraperitoneal chemotherapy was a controversial technique among different countries, we only included oral and intravenous chemotherapeutic regimens. Additionally, the comparisons between different regimens of chemotherapy were qualified while the comparisons between different dosages or methods of administration by the same chemotherapeutic regimen were not eligible. Comparisons between surgical techniques (such as open versus minimally journals.sagepub.com/home/tam 3 invasive), or auxiliary therapeutics (such as anti-inflammatory medications, nutritional supportive methods, unspecified herbal medicine and immunomodulators) were also not qualified.
Comparator:
'PreCRT' (preoperative chemoradiotherapy) was the common comparator node in the network meta-analysis. 4. Outcome: time-to-event overall survival data (hazard ratio or Kaplan-Meier curves) on junctional cases were mandatory; timeto-event recurrence-free survival data or safety analysis on junctional cases were dispensable.
Study design: phase II and phase III RCTs
reported from inception to September 2018 without language limitations.
Studies were excluded from systematic review due to the following reasons:
1. Interim or repetitive reports from the same registered study (we only included the one with the longest follow-up period).
Risk of bias assessment
The quality of each eligible study was evaluated by The Cochrane Risk of Bias Tool. The entire scale was constituted by seven domains, namely random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting and other sources of bias. 16 According to the criteria of the Cochrane Handbook 5.1, each domain could be judged as any of the three levels: low risk, unclear risk or high risk of bias. If the majority of items were judged as low risk of bias, then the entire methodological design of network metaanalysis was regarded as low risk of bias, and vice versa. Here, studies were defined to be lowquality if four or more items were scored as high risk of bias.
Data extraction
Predesigned forms were utilized to collect and organize the original data. Baseline information and survival data were extracted from the main text, tables, panels of subgroup analysis or supplementary materials, which had been crosschecked by two different investigators in our team before quantitative incorporations. 
Nodes:
PeriCRT: perioperative chemoradiotherapy; PeriCT: perioperative chemotherapy; PreCRT: preoperative chemoradiotherapy; PreCT: preoperative chemotherapy; PeriCTT: perioperative chemotherapy plus targeted medication; PostCT: postoperative chemotherapy; S: surgery alone. Since Fuchs and colleagues 2017 could not form a network with other studies, it was eliminated from the network calculation and was only narratively discussed. Table 1 .
(Continued)
Baseline parameters and endpoints
All possible baseline parameters that could influence the clinical characteristics of each study were included and analyzed in our systematic review, including multimodal treatment, systemic regimens, performance status and Siewert classification (Table 1) .
Owing to limitations on the amount of original time-to-event survival data (most studies did not offer subgroup analysis on recurrence-free survival and safety profiles), overall survival was the only quantitative endpoint in our network metaanalysis. Consistent among all included trials, overall survival was defined as the time from randomization to death from any cause.
Statistical analysis
Our systematic review contained both narrative and quantitative synthesis. Those trials with high homogeneity as well as adequate original data were incorporated into network meta-analysis. Hazard ratio (HR) and its 95% confidential interval (95% CI) were used as the effect size for overall survival.
Transitivity was the key hypothesis for network meta-analysis. When the head-to-head results of A versus C and B versus C were respectively gained, then the hypothesis of transitivity also permitted a statistical comparison between A and B. However, it required comparable general features within each node as the prerequisite condition to eliminate selection bias and justify statistical connections among indirect arms. 23 Both methodological designs (such as RCTs) and clinical features (such as region and systemic regimens) were crucial for assessment of transitivity. Statistical heterogeneity of the network metaanalysis was the overall degree of disparity within the same pairwise comparison. 24 The I 2 statistic was the chief indicator of statistical heterogeneity, with its value <25%, 25-50% and >50% indicating low, moderate and high heterogeneity respectively. The Q statistic of heterogeneity and its p value also facilitated the assessment of statistical heterogeneity. If the p value of the Q statistic was less than 0.05, it suggested that there was a significant heterogeneity within.
The consistency, another crucial assumption for network meta-analysis, referred to the statistically consistent results between direct and indirect effect sizes regarding the same comparison.
Significant differences between direct and network calculations might indicate inconsistency within the network meta-analysis, while also suggesting the unsuitability for transitivity. 25 Among closed loops of each network, we utilized a loopspecific method that assessed the mutual variance between direct and indirect results. The inconsistency factor (IF) was applied as the quantitative indicator that suggested the existence of inconsistency once its 95% CI excluded zero. 26 Meanwhile, the Q statistic of inconsistency was another statistical indicator to numerically estimate the consistency within the comparisons, whose p value (<0.05) could suggest a significant inconsistency of network meta-analysis. Both consistency and homogeneity were crucial bases to offer reliable outcomes by network meta-analysis. If inconsistency or significant heterogeneity occurred, we deleted the original data from the most inconsistent or heterogeneous pairwise comparisons to examine whether the results remained unchanged; otherwise, it was not appropriate for pooled analysis. 24, 27 A network plot and comparison-adjusted funnel plot were applied to display the network structure and examine the publication bias across the included trials respectively, where the more symmetrical it was, the less probability of publication bias the merged results would have. We conducted the random-effects network meta-analysis based on a frequentist model. A network forest plot or league table was used for demonstrating the entire regimens with their relative confidential intervals. In addition, we also utilized P-score to rank all regimens based on their network estimates. The closer P-score approached to 1, the better the regimen could be. Sensitivity analysis was performed to detect the stability of pooled outcomes by deleting potentially heterogeneous studies. Quantitative network meta-analysis was conducted using R software 3.4.3, assisted by STATA 14.0 in terms of graphical functions. For some studies that offered forest plots of subgroup overall survival data, we use Engauge Digitizer 10.9 to obtain and estimate the HR before quantitative incorporation.
Role of the funding source
The sponsors had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication. 
Results
Baseline characteristics
After screening through 5403 preliminary records (5145 from databases and 258 from meeting libraries), a total of eight RCTs were eligible for inclusion into our systematic review, corresponding to 1218 participants ( Figure 1 and Table 1 ). Reasons of ineligibility by full-text assessment were described in Supplementary Table 1 .
Overall, seven studies were based on western populations while only one eligible trial originated from eastern countries. All studies were phase III RCTs and six of them reported registration protocols ahead of trial enrollment. Four trials featured comparisons between multimodal strategies against surgery alone, while the remaining investigations focused on comparisons between different multimodal treatments. Since only one trial specifically reported junctional cases, the other seven studies contained both junctional and gastric or esophageal cancer patients; therefore the median age and gender ratio of junctional cases across different studies could not be precisely compared. However, based on the results of their general analysis, we still believed that their ages and gender ratios were comparable. Predominantly, studies only recruited patients with a performance status of either 0 or 1. All studies made general enrollment of junctional cases without indication of certain Siewert types. Therefore, the demographic characteristics of included trials were generally comparable ( Table 1) .
Risk of bias
Overall, the included studies had low risk of bias since more than half of the assessment parameters were scored as low risk of bias (75%), while unclear risk (7%) or high risk of bias (18%) took up relatively small proportions ( Figure 2 ). Individually, none of the eligible studies had a high risk of bias concerning methodological design ( Supplementary Table 2 ).
Specifically, since the majority of trials were centrally allocated and adequately randomized, 87% and 87% of the studies were evaluated as low risk of bias concerning random sequence generation and allocation concealment respectively, while no high risk of bias was reported in these two key domains.
Due to the open-label design and impossibility for treatment masking with greatly differently administered arms, all of the included trials were scored as high risk of bias in terms of blinding or participants and personnel. Since overall survival was the only endpoint in our network meta-analysis that was relatively objective and unlikely to be affected by artificial bias, all studies were scored as low risk of bias in terms of blinding of outcome assessment. In addition, since overall survival analyses of all studies were based on intent-to-treat population while the majority of them had reported enough endpoints, 100% and 75% of the eligible trials had low risk of bias regarding incomplete outcome data and selective reporting, respectively. Moreover, since most of studies were completed, without early termination, and also described adequate baseline details, more than half of the studies were appraised as low risk of bias with respect to other sources of bias (75%) (Figure 2 ).
Overall survival Network geometry. There were totally seven RCTs merged into the quantitative analysis, corresponding to seven network nodes (Supplementary Figure 1 and Table 1 ). Due to failure to form a network with other studies, the 2017 study by Fuchs and colleagues 18 was removed from the quantitative analysis. The results are described in the Discussion section.
Transitivity. We had reorganized and categorized studies with the same nodes into comparisons (Supplementary Table 3 ). Since all included trials were RCTs with relatively low risk of bias concerning study design, the overall methodological heterogeneity was considered to be of a low level. Generally, all included trials were comparable concerning clinical features. Moreover, all surgical operations were radically conducted with enough resection margin, lymph-node dissection and standardized administration of systemic regimens (see Supplementary Materials) . However, among the 'PeriCT' node, only Ychou and colleagues 3 reported fluoropyrimidine plus platinum doublet regimen, while the other three studies featured fluoropyrimidine plus platinum plus epirubicin triplet regimen. Meanwhile, Noh and colleagues 20 was the only trial based on an eastern population. Therefore, we decided to delete these two studies in the sensitivity analysis to enhance the homogeneity as well as to detect the outcome stability.
Consistency and heterogeneity. Since no closed loop had been found within the network, consistency of the network could not be analyzed. In terms of statistical heterogeneity, both the I 2 (I 2 = 0%) and Q statistic (Q-heterogeneity: p = 0.632) implied that there was no significant heterogeneity across the network.
Publication bias. There was no publication bias among the included studies due to symmetrical distribution of effect sizes inside the funnel plot ( Supplementary Figure 2) .
Network calculation. Since preoperative chemoradiotherapy has recently been recommended as the preferred regimen by the NCCN guidelines, 'PreCRT' was selected as the common comparator. Based on P-score ranking of the network meta-analysis, 'PreCRT' (network HR 1.00, P-score = 0.823) was the best ranking node, followed by 'PeriCTT' (network HR 95% CI: 1.30 (0.60-2.682), P-score = 0.622) and 'PeriCT' (network HR 95% CI: 1.32 (0.63-2.77), P-score = 0.591). The network forest plot and league table are demonstrated in Figures 3 and 4 respectively.
Sensitivity analysis. First, we used a fixed-effects model instead of a random-effects model to detect outcome stability, which demonstrated similar Treatments are hierarchically ranked according to their P-score. The higher position in the table a regimen locates at, the better survival benefits it could offer. Values situated at the intersection of a specific column and row are the network effect sizes (HR and 95% CI) of lower-situated regimen versus higher-situated regimen.
journals.sagepub.com/home/tam 9 ranking and network results of each node and 'PreCRT' still ruled the entire hierarchy (Supplementary Figure 3 ). Second, as previously mentioned, the studies by Ychou and colleagues and Noh and colleagues were removed from the network due to possibly heterogeneous clinical features, which did not alter the ultimate ranking among the involved nodes where 'PreCRT' was the optimal option ( Supplementary Figure 4) . Therefore, the results of the network meta-analysis were stable.
Discussion
EGJ cancer is a type of malignancy located in the transition part of the esophagus and stomach, for which smoking, obesity and gastroesophageal reflux disease appear to be significant risk factors. 28 Due to its rising incidence during recent years, especially in western countries, there is an urgent need to figure out the best therapeutic strategy. Unfortunately, there is a lack of a specific systematic summary of potential multimodal treatments for EGJ cancer, let alone a hierarchical comparison of efficacy that could benefit clinical decision-making and future design of RCTs. This is the first systematic review and network meta-analysis specific for survival comparisons among different multimodal treatments for resectable EGJ cancer. In terms of overall survival, 'PreCRT' was the top node in the hierarchy, displaying insignificant superiority against other counterparts such as 'PreCT' and 'PeriCT', which were recommended by Japanese 11 and ESMO 10 guidelines, respectively. This result was partially contributed by, and consistent with, the original data of Stahl and colleagues, 2 which reported that preoperative chemoradiotherapy was comparable with preoperative chemotherapy in terms of overall survival among resectable EGJ cancer patients, but demonstrating a statistical boundary advantage (HR = 0.65, p = 0.055). Meanwhile, our pooled result was also in accord with the recommendation by NCCN guidelines, 8 despite the fact that their decision was mainly based on esophageal cancer and was not specific to EGJ cancer. Since most of the original data were extracted from subgroup analyses in which overall survival instead of recurrence and safety profiles was the most likely endpoint to be reported, we failed to obtain enough data for recurrence and safety comparisons. Only Stahl and colleagues 2 reported that local progression-free survival by preoperative chemoradiotherapy was significantly better than that of preoperative chemotherapy only (HR 0.37, p = 0.01), as well as histological tumor response rate (p = 0.03). As for safety profiles, although there was inadequate specific data, based on general gastroesophageal rather than specific EGJ cases, adding radiation treatment to chemotherapy seemed to result in comparable tolerability compared to chemotherapy alone. 17, 29 All these results hinted that preoperative chemoradiotherapy might be the most survival-beneficial treatment against resectable EGJ cancer.
Regarding the work by Fuchs and colleagues, 18 although it could not be incorporated into the network calculation, we believe that the removal of it may not have substantial impact on our final results since it featured a comparison between two different systemic regimens of postoperative chemoradiotherapy without showing statistically positive outcome. Also, postoperative chemoradiotherapy is not believed to be the mainstream treatment against resectable EGJ cancer currently. Recently, perioperative FLOT-based (5-FU plus leucovorin plus oxaliplatin plus docetaxel) chemotherapy displayed significantly better survival benefits than perioperative EPF-based (fluoropyrimidine plus platinum plus epirubicin) chemotherapy among resectable esophagogastric cancer patients (FLOT4-AIO trial). 30,31 However, since it did not report subgroup survival data specific on EGJ cases, we could not include the trial in our systematic review. However, based on their subgroup analysis of complete tumor response among EGJ cases, the FLOT regimen was also significantly superior to the EPF regimen (10/61 versus 3/78, p = 0.01), 30 which hinted at a potential survival superiority of FLOT regimen among resectable EGJ cases. Since all studies included into our network meta-analysis with perioperative chemotherapy were based on EPF regimens, the survival comparison between preoperative chemoradiotherapy and perioperative FLOT-based chemotherapy could be an interesting topic in future updates of our systematic review or design of pairwise RCTs.
Although our systematic review and network meta-analysis were rigorously designed and conducted, there were still some limitations. First, there were only seven studies qualified for the quantitative analysis, which limited the statistical power and clinical significance. The restricted number of studies resulted in inadequate pairwise comparisons between any two of the seven nodes, which meant we were unable to evaluate network The search of ongoing trials was conducted on ClinicalTrials.gov.
Only phase II and phase III randomized controlled trials with a status of 'recruiting' or 'active' were included. Table 2 .
(Continued) consistency of our pooled results. Besides the pairwise comparison with 'PreCT', there was no RCT featuring the comparison between 'PreCRT' and any other regimen, such as surgery alone or perioperative chemotherapies. Among the seven studies, six offered only subgroup data of the EGJ cases and failed to further provide survival information based on different Siewert types that could allow us to make more specific subgroup comparisons. Besides, the majority of the studies were based on western populations, which diminished the value of our conclusion for utilization in eastern countries. Meanwhile, inadequate data also limited our calculation to the endpoint of overall survival, while results for recurrence and safety profile could not be established. Second, despite that all included trials were proven to be clinically comparable, without significant heterogeneity, and sensitivity analysis had also been conducted, underlying heterogeneity could not be fully eliminated. Apart from clinical and methodological heterogeneity, since the HR was a relative endpoint, the baseline survival rate of studies among the same node is a critical indicator for determination of homogeneity as well as the rationality of quantitative incorporation. However, since the original data of most studies derived from subgroup analysis, we could not further obtain the baseline survival rates of EGJ cases. Therefore, future updates, especially individual patient data (IPD) meta-analysis, are to be welcomed.
Taken together, our systematic review and network meta-analysis provided the first and most specific evidence regarding therapeutic treatments against resectable EGJ cancer. Our findings suggest that preoperative chemoradiotherapy could potentially be the optimal multimodal treatment as it showed more overall survival benefits than perioperative chemotherapy and preoperative chemotherapy among resectable esophagogastric junction cancer patients. Therefore, a global (both eastern and western populations) RCT is needed to confirm our results, which should compare preoperative chemoradiotherapy with perioperative chemotherapy (especially FLOT-based regimens), in terms of overall survival, recurrence and safety profile, as well as different subgroup data on Siewert types (Table 2 ).
